:693-699. A double-blind, dose-controlled study evaluated topiramate as monotherapy in 470 patients with newly diagnosed (3 months) epilepsy or epilepsy relapse in the absence of therapy. In addition to having at least 2 lifetime-unprovoked seizures, patients had 1 or 2 partial-onset seizures or generalized-onset tonic-clonic seizures during a 3-month retrospective baseline. The trial included a large cohort (N = 151, 32%) of children and adolescents 6 to 15 years of age. Eligible patients were randomized to treatment groups in which topiramate was titrated to target maintenance dosages of either 400 mg/day (n = 77) or 50 mg/day (n = 74). Patients were followed for at least 6 months. Based on Kaplan-Meier analyses, the primary efficacy endpoint of time to first seizure favored the higher topiramate dose in both the overall population and the cohort of children/adolescents. The probability that children/adolescents remaining in the study were seizure free at 6 months was 78% in the 50-mg target dose group and 90% with the higher dose. At 12 months, the probability of being seizure free was 62% and 85%, respectively. The incidence of treatment-limiting adverse events was 4% in the 50-mg target dose group and 14% in the group assigned to 400 mg as a target dose. The most common adverse events, excluding typical childhood illnesses, were headache, appetite decrease, weight loss, somnolence, dizziness, concentration/attention difficulty, and paresthesia. As shown in this subset analysis, topiramate is effective and well tolerated as monotherapy in children and adolescents.
T opiramate is classified as a new antiepileptic drugs (AED), although in the near future, it will lose its patent protection and be available as a generic product. In spite of the fact that the drug has been in the clinical use for 10 years, much remains unknown about topiramate, such as how efficacious it is for new onset epilepsy as compared with other AEDs, especially for children. Most studies on drug efficacy for children are not performed until late in the drug's development; thus, information regarding use with children always lags behind that of adults. Furthermore, the number of child participants usually falls short of that required to adequately power a study to make a reliable assessment of the agent for this age group. In the study by Glauser and colleagues, the same problematic issues are evident. This trial is a "superiority design," or low-dose/high-dose paradigm, in which a low dose of the drug (50 mg) is compared to a high dose (400 mg); the design permits a relatively small sample size. The purpose generally is to show that the higher dose is more effective in controlling seizures than the lower dose or placebo for U.S. Food and Drug Administration (FDA) approval, as such data are required for the monotherapy labeling. Knowing that 50 mg is not as effective as 400 mg, still omits key data on whether 100, 200, or 300 mg doses are as effective; these data potentially could avoid an overdose while identifying an optimal response. A problem with this study design is that patients in the lower dose group cannot increase their dose if they fail; thus, the outcome is inherently biased against this group. The end point measure was time to first seizure; in other words, after one seizure the patient had to exit the study. However, if tolerability issues occurred in the high-dose group, patients were allowed to stay in the study but at a lower dose (reductions up to 100 mg)-again a potential study bias. While from clinicians' perspectives, the "noninferiority clinical trial design" is a more useful clinical trial design for new onset epilepsy, it does not satisfy FDA registration requirements-thus the present study's design. However, the question remains: do the findings provide information to successfully treat a child or adolescent with new onset epilepsy?
Glauser et al. had two subsets of patients-those with partial onset seizures and those with generalized tonic-clonic seizures. Analysis was not made as to a specific syndrome classification in the generalized group, however patients with EEGs characteristic of absences or myoclonic seizures were excluded. During a 3-month baseline period, for inclusion in the study, one to two seizures were permitted, but not more, although more seizures were allowed in the time prior to enrollment. After 6 months of treatment, 78% of the 50-mg children/adolescents group and 90% of the 400-mg children/adolescents group were seizure free, while by 1 year the percentages were 62% and 85%, respectively. The results are impressive and better than Epilepsy Currents, Vol. 8, No. 3 (May/June) 2008 pp. 60-61 Blackwell Publishing, Inc. C American Epilepsy Society the adults assessed alone (i.e., without children/adolescents) for which only 70% were seizure free after 1 year on 400 mg/day (1) . When the results were stratified into those patients with partial onset seizures and those with generalized tonic-clonic seizures, the findings then were similar, with 60% of patients in the partial group given 50 mg/day seizure free for a year and 81% in the 400 mg/day group. For the generalized tonic-clonic group, 63% were seizure free for 1 year in the 50 mg/day group and 88% seizure free in the 400 mg/day group.
The negative side effect profile for topiramate has stopped this drug from being used as a first-line therapy, particularly because of issues related to cognitive dysfunction. Indeed, in the Glauser et al. study, 20% of children/adolescents on the 400 mg dose compared with 8% at the 50 mg dose had cognitive problems. No child treated with 50 mg stopped the study because of cognitive side effects, whereas 7 on the 400 mg dose dropped out. Although patients were rated as having mild or moderate intensities of the adverse events, cognitive side effects, albeit mild, can make a significant difference in the life of a school-age child. Therefore, even if very effective, a 400mg/day dose of topiramate cannot be a recommended starting dose for any child. In Europe, topiramate labeling indicates a starting dose as low as 100 mg; however, 50 mg is effective and may be a preferred initial dose for children, for whom reducing side effects, especially those influencing learning, is of great importance.
In all clinical trials, blood samples are taken to determine drug concentration but are not always disclosed. Therefore, it was a positive factor that Glauser et al. reported blood concentrations, with findings indicating that higher concentrations were associated with a better response to topiramateindicating that the data could be used to determine optimal dosing. Therapeutic drug monitoring may be helpful, if lowdose topiramate is not effective.
The key points for clinicians from Glauser et al. trial include:
1. Topiramate can be effective at low doses; comparative trials indicate it is at least as good as other low-dose AEDs (2).
2. Low-dose topiramate produces fewer rates of and less intense side effects than higher doses. It is an appropriate initial low-dose treatment for a broad spectrum of seizure disorders, including partial seizures and generalized tonic-clonic seizures.
3. Children tend to respond more favorably than adults to topiramate.
4. Therapeutic drug monitoring of topiramate may be of value in determining the optimal dose, with the least side effects.
Unanswered questions include whether topiramate, or any of the other newer drugs, have antiepileptogenic effects or can prevent the development of refractory epilepsy. One way to assess these issues is to treat patients who become seizure free for 2 years, then randomize them to either stopping or continuing the drug to see if differences in relapse rates appear. Also, the newer AEDs need to be compared with each other so that useful information concerning the best choice of a first AED can be determined. METHODS: Fourteen women with epilepsy receiving LEV treatment during pregnancy and lactation contributed with 15 pregnancies to this prospective study in which LEV concentrations in plasma and breast milk were determined. Trough maternal plasma samples were collected each trimester, and at baseline after delivery. Blood samples were obtained at delivery from mothers, from the umbilical cord, and from newborns during 2 days after delivery. LEV concentration was also determined in breast milk and in plasma collected from 11 of the mothers and their suckling infants after birth. RESULTS: The umbilical cord/maternal plasma concentration ratios ranged from 0.56 to 2.0 (mean 1.15, n = 13). LEV plasma concentrations in the neonates declined with an estimated half-life of 18 h (n = 13).
The mean milk/maternal plasma concentration ratio was 1.05 (range, 0.78-1.55, n = 11). The infant dose of LEV was estimated to 2.4 mg/kg/day, equivalent to 7.9% of the weight-normalized maternal dose. Plasma concentrations in breastfed were approximately 13% of the mother's plasma levels. Maternal plasma concentrations during third trimester were only 40% of baseline concentrations outside pregnancy (p < 0.001, n = 7). CONCLUSIONS: Our observations suggest considerable transplacental transport of LEV and fairly slow elimination in the neonate. Plasma concentrations of LEV in nursed infants are low despite an extensive transfer of LEV into breast milk. Pregnancy appears to enhance the elimination of LEV resulting in marked decline in plasma concentration, which suggests that therapeutic monitoring may be of value.
COMMENTARY
P regnancy may be associated with increased seizure frequency in close to 20% of women with epilepsy (1). The cause of the escalation in seizure frequency during pregnancy is likely multifactorial and may be related, in part, to a change in antiepileptic drug (AED) clearance and serum concentration. Lamotrigine, in particular, is considerably affected by pregnancy, with a substantial increase in clearance and a drop in serum levels (2, 3) . This finding is most pronounced in the second and third trimesters when lamotrigine clearance almost doubles (3) . The decreased concentration of lamotrigine is accompanied by rising concentrations of its 2-N -glucuronide metabolite, suggesting increased metabolism by glucuronidation (2) . Oxcarbazepine, another new AED whose metabolism involves glucuronidation, is similarly affected by pregnancy. A small study showed that the concentration of the active moiety during the second and third trimesters is less than half of the concentration after delivery (4) . Valproate, which inhibits glucuronidation, reduces the effect of pregnancy on lamotrigine clearance (5) . The amplified glucuronidation during the last two trimesters is most likely related to increasingly higher levels of estrogen, which is known to induce glucuronidation, thus reducing the concentration of drugs metabolized through this pathway (6) .
Limited information is available regarding the effect of pregnancy on other new AEDs. Among them, levetiracetam is frequently used as an adjunctive treatment for partial and generalized epilepsy, and it recently received European approval as an initial monotherapy to treat partial-onset seizures. Favorable preliminary reports regarding the safety of levetiracetam during pregnancy are likely to encourage levetiracetam use in that setting (7) . The current study by Tomson et al. found that levetiracetam clearance was consistently greater during the third trimester. In women whose dose of levetiracetam remained unchanged, the mean levetiracetam serum concentration in the third trimester was 40% of the mean concentration after delivery. Since levetiracetam is not metabolized through glucuronidation, it is not clear why its clearance is so greatly increased. To clarify the mechanism, a prospective study will need to be conducted to measure concentrations of levetiracetam, as well as its metabolites in plasma and urine, through the stages of pregnancy and after delivery.
An important issue is whether the altered clearance of levetiracetam during pregnancy requires intervention to maintain seizure control. Pregnancy-induced changes in lamotrigine clearance and serum concentration have been shown to be very clinically relevant. Several studies have demonstrated increased seizure frequency associated with declining lamotrigine serum levels (8, 9) . Lamotrigine dose adjustments are necessary after the first trimester and again following delivery (3) . In a large study of seizure control during 1,956 pregnancies, women treated with oxcarbazepine and lamotrigine were the most likely to require dose adjustments. The study did not have enough patients taking levetiracetam to adequately power a separate analysis.
In the study of Tomson and colleagues, only two of seven women had a greater number of seizures during pregnancy, and both also were taking lamotrigine. In four women who took concomitant lamotrigine, the third trimester reduction in AED levels seemed more pronounced for lamotrigine than levetiracetam. While the clinical relevance of AED serum concentration is established for lamotrigine (10), it is not for levetiracetam. Levetiracetam efficacy is evident very early in titration (11) , such that the initial target dose is likely to exceed the minimum effective dose for most treatment-responsive patients. The current study points to the need to study a larger cohort of patients to assess the effect of increased levetiracetam clearance during pregnancy on seizure control, but it does not currently provide enough evidence to support levetiracetam dose adjustment during pregnancy.
The study of Tomson and colleagues did not suggest adverse consequences from the extensive transfer of levetiracetam across the placenta and through breast milk. Even though the levetiracetam half-life in neonates was more than double that of adults, the levetiracetam plasma concentration declined rapidly after birth, with no evidence of accumulation. This finding is in accordance with a previous study (12) and should be reassuring to mothers who wish to provide their infants with the benefits of breast milk. 
T he study by Gomer and colleagues compared the cognitive effects of levetiracetam (LEV) and topiramate (TPM) by examining changes in cognitive function beginning when the antiepileptic drug (AED) was started as an adjunctive therapy for patients with focal epilepsy. They found adverse cognitive effects were worse for TPM compared with LEV. Overall, patients were more likely to experience adverse cognitive effects with TPM, but some patients on TPM exhibited improvements in cognitive scores, and less than half of the patients on TPM deteriorated more than one SD on any measure-except one, block span. Limitations of the study include its observational, unblinded, nonrandomized, parallel design with relatively small sample sizes. Despite the limitations, these comparative findings are consistent with prior studies comparing TPM with other AEDs. TPM was shown to have slightly more adverse cognitive effects than valproate (1,2) and much greater adverse effects than lamotrigine (3). Since the cognitive effects of valproate are similar to carbamazepine (4) and both LEV and lamotrigine have fewer adverse cognitive effects than carbamazepine (5,6), it is not surprising that TPM would exhibit a much greater negative impact on cognitive functioning than LEV. In addition, a pattern of particular sensitivity to tasks involving frontal lobe function previously was reported to be associated with TPM (7) , although TPM-induced deficits are not limited to those related to frontal lobe function (3). Gomer et al. note a lack of cognitive side effects related to LEV. The complete lack of effects in the present study probably is due to the small sample size and other study limitations. During other clinical trails, CNSrelated adverse events have occurred, and mild adverse cognitive effects can be seen with an appropriate study design (5) . Nevertheless, LEV is very well tolerated and has few cognitive side effects.
The study by Gomer et al. did not find that cognitive tasks were influenced by dosage for either TPM or LEV. The authors support their finding by stating that neither Huppertz et al. (7) nor Kockelmann et al. (8) demonstrated a "clear relationship between daily dosage and cognitive side effects." However, neither of these studies was conclusive in this regard, as they had limitations and reported some dose-dependent adverse events. The investigation by Huppertz et al. was a nonrandomized, open-label study with only 37 patients, and the authors specifically noted that adverse cognitive effects were decreased in a subset of patients whose doses were reduced 25-150 mg/day. The investigation by Kockelmann et al. was a nonrandomized, retrospective, cross-sectional study with just 42 patients, who received neuropsychological testing only once; however, the study did report significant correlations between TPM serum levels and verbal fluency, verbal memory span, as well as verbal memory (delayed recall and recognition). A recent study by Loring et al. examined dose-dependent cognitive effects of TPM in 183 cognitively normal adults, using a double-blind, placebo-controlled, parallel group, dose-ranging study of 24 weeks duration (9) . Dosing was initiated at 32 mg (16 mg/bid) and increased to target doses of 64, 96, 192, or 384 mg/day. The investigators found that the neuropsychological impairment associated with TPM emerges in a dose-dependent fashion. Thus, the lack of a dosage effect in the Gomer et al. report likely is due to the sample size and other limitations of the study.
Gomer et al. state that Aldenkamp and coworkers: "proposed that gradual introduction of TPM could prevent cognitive side effects." Aldenkamp et al. actually stated that: "gradual introduction of TPM can reduce the extent of cognitive impairment" (1) . Gomer et al. argue against a critical effect of the initial TPM titration, since their study started with a low dose, gradual titration, and testing was carried out under steadystate conditions. The titration rate used in this study was actually twice the recommended rate, and remarkably, there were no dropouts among the 51 consecutive patients, over approximately 4 months and two neuropsychological evaluations. While rapid titration increases the risk of cognitive side effects for virtually all AEDs, these effects are particularly prominent with TPM. For example, an investigation in healthy adults found that an acute dose of TPM at 2.8 mg/kg produces greater cognitive side effects than a slower titration over 4 weeks to a higher dose of 5.7 mg/kg (10) .
Gomer et al. also state that: "Loring and Meador ascribed cognitive side effects of TPM to polypharmacy, higher dosages, and blood levels" (11) . This sentence does not appear in the referenced article or in any articles by these authors. Indeed, a variety of factors affect the risk of adverse cognitive function by TPM as well as other AEDs, including polypharmacy, higher dosages, higher blood levels, rapid initiation, individual patient susceptibility, and the risk for the specific AEDs (4). Treatmentemergent adverse events, which are centrally mediated, typically are more frequent in adjunctive than monotherapy clinical trials. Dosage and blood level effects on cognition can be difficult to demonstrate within standard therapeutic ranges and may also be obscured if appropriate study design is not employed. Susceptibility to adverse cognitive effects in a patient is due to their individual pharmacokinetic and pharmacodynamic responses. Finally, there are differences across individual AEDs as demonstrated in the present study and prior investigations (4) . Clinician awareness of these factors may help to reduce risks of adverse cognitive effects. Drug treatment often requires a balance between the risk of seizures and the risks posed by AEDs-including systemic side effects as well as cognitive function. (SA) represent neurological emergencies, and mortality rate for SE/SA is high, ranging from 3% to 25%, depending on cause and co-morbidity. As SE/SA become more refractory to treatment over time, rapid, appropriate treatment is extremely important. Here, we report a prospective registration of the effect of intravenous (IV) valproate (VPA) on SE/SA in a group of Norwegian patients. PATIENTS AND METHODS: Forty-one adult patients (18 males, 23 females) were included in the study. All had previously been unsuccessfully treated with diazepam. For 19, the main SE/SA seizure type was generalized tonic-clonic, while 16 had complex-partial seizures. Six had seizures that were difficult to classify. The treatment protocol recommended 25 mg/kg of VPA loading dose over 30 min, followed by continuous infusion of 100 mg/h for at least 24 h, then per oral administration. If seizures persisted after the loading dose, general anaesthesia (barbiturates/propofol/midazolam) was administered. RESULTS: No serious side effects were reported. In 76% of the cases (31 of 41), SE/SA stopped and anaesthesia was not required. Of the patients treated within 3 h, only 5% needed anaesthesia, whereas of those treated after 3-24 h, 38% needed anaesthesia. Of those who waited for more than 24 h before treatment, 60% required anaesthesia. Furthermore, 60% of the patients who needed anaesthesia were given loading doses below 2100 mg. CONCLUSIONS:
VPA seems to be a safe, effective treatment of SE/SA, but efficacy is dependent on time lapse between symptoms and VPA treatment, and administration of a sufficiently high loading dose.
T he Veterans Administration collaborative study (VACS) is the largest and most important study, to date, on the treatment of generalized convulsive status epilepticus (GCSE) (1) . The investigators compared the safety and efficacy of four commonly prescribed antiepileptic drug (AED) regimens in 384 patients. The regimens included intravenous (IV) lorazepam, phenobarbital, and phenytoin given as monotherapy, and diazepam followed by phenytoin. Overt GCSE remitted in 64.9% randomized to lorazepam, 58.2% treated with phenobarbital, 43.6% of patients randomized to phenytoin, and 55.8% given diazepam followed by phenytoin. A switch to any of the other three treatment arms yielded seizure remission in only 10% of patients whose GCSE persisted after the initial AED trial.
Since the publication of that study, other AEDs, not used in the VACS, have been evaluated in the management of status epilepticus (SE). They include IV valproate (VPA), high-dose oral topiramate, and more recently levetiracetam, as oral or IV preparations. IV VPA has been the AED most extensively studied.
Efficacy of IV VPA has been demonstrated in animal models of SE. For example, Martin and Pozo used an in vivo model of SE induced by intrahippocampal application of 4aminopyridine; IV VPA was administered before or after the induction of SE (2) . The intrahippocampal injection of 4aminopyridine induced continuous epileptic activity without a clinical component and lasted more than 60 min. IV administration of 400-600 mg/kg VPA over a period of 100 s abolished the SE, and this effect persisted for more than 4 h. Of note, IV administration of 100-300 mg/kg VPA did not abolish previously induced SE, but prevented the appearance of SE when applied before the induction of SE. In contrast, the IV injection of 80 mg/kg phenytoin or carbamazepine did not abolish or prevent SE. In a separate study, Walton and Treiman tested the efficacy of IV VPA in a model of GCSE rats with cortical cobalt lesions; the animals were injected with homocysteine thiolactone to induce secondarily generalized tonic-clonic seizures (3). They found that seizure remission occurred at a median effective dose of 211.9 mg/kg, which yielded a serum concentration of 270 µg/mL at 30 min after the dose was given; all doses were administered intraperitoneally following the second generalized tonic-clonic seizure.
Recently, Trinka as well as Larch and Trinka presented the results of a systematic review of the literature on the efficacy of IV VPA in various forms of SE (4, 5) . The investigators identified 20 published studies (13 retrospective, 7 prospective) that together involved 533 adults and children. Seizure control was achieved within 20 min of the IV VPA infusion in threequarters of patients, and the authors concluded that this AED was as effective as phenytoin in resolving SE in patients who had previously failed conventional first-line therapies, such as benzodiazepines. Unfortunately, most of the studies included in the review were uncontrolled trials, leaving open room to question whether the findings might be spurious.
In one of two randomized, open studies carried out thus far on GCSE, 68 patients were assigned to IV VPA or IV Epilepsy Currents, Vol. 8, No. 3 (May/June) 2008 pp. 66-67 Blackwell Publishing, Inc. C American Epilepsy Society phenytoin, as first line therapies (6) . Seizure remission was reached in 66% of patients administered VPA and 42% given phenytoin. Of note, these remission rates were almost identical to those yielded by GABAergic AEDs (e.g., lorazepam, phenobarbital, diazepam) in the VACS. For patients whose seizure activity persisted at the end of the initial AED trial, a switch to the other AED was carried out. Among patients switched to valproic acid, 79% became seizure-free, but this outcome occurred in only 25% of patients switched to phenytoin. Unfortunately, the study was underpowered to demonstrate superiority of VPA over phenytoin, and hence, the difference in efficacy was only suggestive (7) . In the second randomized study on GCSE, 40 children with refractory SE were randomized to treatment with either IV VPA or IV diazepam (8) . Seizure activity remitted in 80% of children given IV VPA and 85% on IV diazepam. The median time needed to control the refractory SE was significantly shorter with VPA (5 min) than diazepam (17 min).
In the VACS, only 10% of patients whose seizure activity persisted after administration of the initial trial remitted with one of the other three treatment alternatives (1). This low remission rate contrasts with the 79% remission rate found with use of IV VPA in patients who failed to respond to phenytoin (6) . Whether the difference is meaningful is yet to be determined, since the VACS did not include IV VPA as one of the treatment arms. Yet, such high success has been reported in other studies in which SE failed to be controlled with benzodiazepines. The present study by Olsen et al. is a case in point: seizure activity stopped in 76% of 41 adults with SE (n = 21) or serial seizures (n = 12) treated with VPA. This entire group of patients had previously been unsuccessfully treated with IV diazepam. Do these data suggest that IV VPA is more effective than the first-line therapies used in the VACS? Or, is it possible that the therapeutic effect yielded by VPA was the result of an enhanced effect of the prior administration of diazepam. For example, is it possible that 76% of patients whose seizures failed to stop with benzodiazepines remitted with VPA, not only because of the latter's anticonvulsant effect, but also by a positive pharmacodynamic interaction between VPA and diazepam? By the same token, is it possible that the remission of SE with IV VPA in cases of unsuccessful prior trials with IV phenytoin can be explained as well by an increase in the free fraction of phenytoin, caused by its displacement from albumin receptors?
In addition to its successful treatment of GCSE, the efficacy of IV VPA has been observed in trials involving nonconvulsive SE with complex partial seizures, absence status, and in status myoclonicus (4, 5) , though each of the studies were based on open trials. Despite all of these promising data suggestive of the efficacy of IV VPA in the treatment of SE, at this point, there are no methodologically sound head-to-head comparison studies to suggest that VPA is superior in efficacy to any other AEDs.
With respect to its safety and tolerability, the profile of IV VPA appears to be very attractive, as it does not have the adverse events encountered with the benzodiazepines, phenobarbital, and phenytoin (8) (9) (10) . Indeed, IV VPA rarely is associated with cardiovascular adverse events, such as hypotension or arrhythmia, even when administered at high doses with very rapid infusions, and it has not been found to cause respiratory depression. With such a profile, VPA would be the ideal firstline treatment of SE. . .if we only had methodologically sound data to support this indication! Unfortunately, difficulty with getting institutional review board approval to conduct head-tohead comparisons of drugs for SE (at least in the United States) poses significant obstacles to obtaining relevant data.
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